








In Part 1 of this article, several applica- 
tions for a precision, monopulse polar- 
imeter were identified. Such a system is 
under development at the ESM Divi- 
sion of WatkinsJohnson Company. 
The electromagnetic theory presented 
in Part 1 allows a better understanding 
of the performance improvements 
realized by the Watkins-Johnson 
approach to polarization measurement. 


Polarization Measurement 
System 


The polarization measurement system 
discussed in the following pages is 
based on Watkins-Johnson Company’s 
line of microwave receiving and 
analysis systems, and is being 
developed in response to customer 
requirements for precision polarization 
measurement capability. It is intended 
to provide a powerful, flexible and 
accurate system in a compact, cost- 
effective package. Although the system 
is directed toward ESM and ELINT 
applications, it could easily be adapted 
to other systems. 


The block diagram of the system is 
presented in Figure 1. The antennaisa 
broadband, dual-polarized horn housed 
in a protective radome. Two orthogonal 
ports (horizontal and vertical polar- 
izations) collect signals in the 2 to 
18 GHz frequency range. 


The signals pass through matched rf 
distribution paths to a spread-spectrum 
multiplexer, which is essential to the 
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accuracy of the system. The multi- 


plexing technique incorporated in this 
system allows signals from both ports 
to be received and analyzed simul- 
taneously, on a pulse-by-pulse basis, 
without introducing the detrimental 
effects of separate tuner channels. By 
encoding the received signals at the 
antenna output and downconverting 
through a single tuner, the amplitude 
and phase relationships of the signals 
are preserved, allowing a more accurate 
measurement of polarization than is 
possible with conventional systems. 


The rf distribution components, multi- 
plexer, and wideband superheterodyne 
tuner are contained in an environ- 
mentally protected enclosure. The 
proximity of the multiplexer and tuner 
to the antenna permits the simplifica- 
tion of the rf distribution by eliminat- 
ing the need for preamplifiers and their 
inherent tracking problems. 


The TN-122 wideband tuner down- 
converts the multiplexed signal to a 
1 GHz IF. The signal travels through a 
single IF cable to the demultiplexer, 
thus avoiding the problems of match- 
ing a pair of long IF cables and main- 
taining the match over time. At the 
demultiplexer, the individual channels 
are recovered for processing by the 
polarization analysis unit, which is 
interfaced to the host system computer. 


The spread spectrum multiplexing 
technique was adapted from the 
WJ-1988 Monopulse DF System.! The 
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Figure 1. Signal polarization measurement system block diagram. 








frequency multiplexing of two channels 
into one tuner is accomplished by 
applying a different BPSK modulation 
code to each of the channels prior to 
combining. The mixers in the multi- 
plexer unit are driven with a maximally 
linear sequence similar to that shown 
in Figure 2. The sequence simulates 
pseudo-random noise, but is repetitive 
in nature and can be reconstructed at 
the demultiplexer to recover the infor- 
mation in the individual channels. 


The 31-bit sequence used in this system 


is generated by a set of shift registers - 


» with the appropriate feedback. The 
y circuitry used to generate the code con- 
sists of high-speed ECL logic. The code 
rate is 240 MHz. 


The autocorrelation property of maxi- 
mally linear sequences results in noise 
and spurious signals unless the applied 
code in the demultiplexer is in time 
synchronization with the delayed 
signal. 


The resultant channel-to-channel 
isolation is proportional to the length of 
the code, as given by the equation, 


Isolation = 20 log (code length) (1) 


For a 31-bit code word, the isolation is 
approximately 30 dB. 


@n. spectrums of the encoded signals 
are shown in Figure 3. The input 
signals are displayed in the top photo. 
After passing through the multiplexer, 
the bandwidths of the individual 
channels are many times those of the 
original signals. The spectral distri- 


bution has a sin(x)/x distribution, with 
a main lobe width of twice the code rate, 
or 480 MHz. The spectral line spacing is 
equal to the code rate divided by the 
code length. The bandwidth of the 
encoded signal must be less than the 
spectral line spacing. It is interesting to 
note that the balanced nature of the 
code sequence results in the suppression 
of the carrier frequency. 


At the multiplexer, the two modulators 
are driven with time-shifted versions of 
the same code sequence. As long as the 
time shift is greater than 1 bit, the two 
channels are orthogonal and can be 
combined without unwanted interfero- 
metry effects. The combined signals 
are shown in the center photo of 
Figure 3. 


The 500-MHz bandwidth of the TN-122 
tuner is required to support the com- 
bined signals. The requirement for a 
full code word to be applied to a pulse 
for full isolation sets a limit on the 
minimum pulse width the system can 
process. The minimum pulse width 
that the system can process is, 
therefore, 135 nanoseconds. 


The composite signal is downconverted 
and routed to the demultiplexer. The 
signal is split and routed to two 
demodulators. At this point the 
identical code sequence must be applied 
to the divided signals in the same time 
relationship as in the multiplexer to 
recover the individual channels, as 
shown in the lower photographs in 
Figure 3. 
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Figure 3. Bi-phase encoding. 


The outputs of the demultiplexer are 
two IF signals with the same amplitude 
and phase relationships as the original 
received signals. The preservation of 
these relationships is critical to the 
polarization measurement process, as 
was shown above. The observed per- 
formance of the multiplexing/demulti- 
plexing chain is quite good. The gain 
tracking is on the order of 2 dB, and the 
phase tracking is 3 degrees RMS. 


The polarization analysis unit 
(Figure 4) converts the IF signals to log 
video for amplitude measurements and 
processes the IF to recover the phase 
information. The CPU accepts control 
information from the main system as 
well as information regarding the 
amplitude and PRI of the signal of 
interest. The main system directs the 
TN-122 to the signal frequency and 
directs the polarization measurement 
antennas to the correct azimuth. The 
CPU in the polarization analysis unit 
then adapts its processing threshold 
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accordingly and finds the pulse train of 
interest using the PRI information from 
the main system. 


After locking onto the correct pulse 
train, the polarization analysis unit 
begins measuring relative amplitude 
and phase of each incoming pulse. The 
measured data is analyzed by the 
numerical data processor. The polar- 
ization data is returned to the main 
system and presented to the operator 
via the front panel display. 


The polarization analysis unit is cap- 
able of returning polarization informa- 
tion in several ways. The tilt angle, 
axial ratio, and sense can be returned, 
or the contributions of the (H,V), (RHC, 
LHC), (+45, -45) components can be 
calculated. The degree of polarization 
can also be calculated for the primary 
polarization component. 


Calculations of the polarization para- 
meters are based on the relationships 
presented in Part 1 of this article. 
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Figure 4. Polarization analysis unit. 


Having measured the amplitudes of 
the horizontal and vertical components 
and the phase between the two fields 
allows the calculation of the dimen- 
sions of the polarization box. The 
dimensions of the polarization box in 
terms of the measured parameters are 
shown in Figure 5. 
The tilt angle is related to the polar- 
ization box by the equation, 
o 
r= 


2 (2) 


Unfortunately, the phase angle 6’ is not 
directly measured by this system. 
However, the angle 6’ can be calculated 
from the equation, 
anton “ihe! 

ER - Ey (3) 


The axial ratio was defined in equation 
(19) (see Part 1) in relation to the 
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circular polarization ratio. Although p 
is not measured in this system, it is 
easily calculated? using the equation, 
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where, Z 

PL 

Xz = 2 
1+ py, (5) 


The sense of rotation depends on 
whether p is greater than or less than 
unity, as discussed above. 


Once the dimensions of the polarization 
box have been found, it is possible to 
identify which of the degenerate polar- 
izations (H, V, RHC, LHC, +45, or -45) 
the received signal most closely 
resembles. This information can also 
be presented as output data. The degree 
to which this component dominates 
can be calculated. 
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Figure 5. The polarization box in terms of measured amplitudes and phase of horizontal and 


vertical components. 
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The degree of circular polarization? is 
defined by the equation, 


CP=Ef,-ER=2EyEvsind 6 


where, EP = +1 for a purely LHC 
polarized wave and -1 for a purely 
RHC polarization. The degree of linear 
polarization can be defined in a similar 
manner by the equation, 


LP = Ex - Ey © 


where, LP = +1 for a purely horizontal 
polarization and -1 for a purely vertical 
polarization. Finally, the degree of slant 
polarization is given by the equation, 


SP=E?+E?=2EyEycosd 


where, +1 indicates a purely +45 slant 
linear polarization and -1 indicates a 
purely -45 slant linear polarization. 
The astute observer will realize that 
these quantities are merely the lengths 
of the appropriate sides of the polar- 
ization box. The curves for the degree of 
polarization can be plotted as shown in | 


©) Figure 6. 
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Figure 6. Degrees of polarization versus polarization ratio. 


Summary 


Precision polarization measurements 
would be impossible without the excel- 
lent amplitude and phase tracking 
characteristics of the orthogonal 
antennas employed in this system and 
the gain and phasetracking perfor- 
mance of the spread-spectrum multi- 
plexer. Combining this performance 
with careful matching of signal paths 
to the multiplexer ensures the accuracy 
of each measurement. 


The availability of precision polar- 
ization measurement equipment will 
allow systems designers to exploit all 
signal parameters in the pursuit of 
system optimization. However, it is 
also imperative that systems designers 
become aware of the potential that 
polarimetry holds for system enhance- 
ment. Research into applications for 
polarization measurement equipment 
must continue if strides are to be made 
in improving the capabilities of micro- 


©) wave systems. 
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